The genetic variability and aggressiveness of Brazilian Erwinia psidii isolates from Eucalyptus spp. was studied and compared with reference isolates from guava (Psidium guajava). Repetitive element sequence (rep)-based PCR markers of 101 isolates from Eucalyptus spp. and five from guava showed that the populations of E. psidii displayed a relatively low genetic variability. No correlation of genetic clustering based on rep-PCR analysis with geographic origin or host of origin was observed, indicating that genome rearrangements associated with adaptation to a particular host were not detected by these molecular markers. A higher genotypic richness was detected in the Mato Grosso do Sul population, probably reflecting a pathogen dissemination associated with the recent expansion in eucalypt plantations. Wilcoxon and ANOVA tests of disease severity data indicated differences in aggressiveness among isolates and an isolate 9 clone interaction. The area under the disease progress curve (AUDPC) and disease severity for some isolates were significantly different between two susceptible clones tested. Notably, isolate LPF681 from guava was not able to cause disease on a susceptible Eucalyptus urophylla clone, suggesting that some co-evolution between pathogen and host has taken place. The variability in aggressiveness and virulence among isolates of E. psidii observed in this study will be important for the establishment of appropriate screening approaches to select for disease resistance.
Introduction
Eucalypt (Eucalyptus spp.) trees, native to Australia and neighbouring islands, are currently the largest source of wood products and derivatives from forest plantations worldwide, mainly in tropical and subtropical regions. In Brazil, traits such as adaptability, rapid growth and high productivity have led to the expansion of eucalypt plantations. Brazil is now the world's leader in pulp, paper and wood panel production, with exports that contribute to its trade balance, generate many jobs and represent a significant financial income in all regions of the country. However, the climatic instability and the emergence of new diseases such as dieback and wilt, caused by Erwinia psidii (Rodrigues Neto et al., 1987) , threaten eucalypt production (Alfenas et al., 2009) .
Erwinia psidii was first described causing dieback on guava (Psidium guajava) in Brazil in 1987 (Rodrigues Neto et al., 1987) and is currently one of the most severe bacterial diseases of Eucalyptus spp. in Argentina, Uruguay (Coutinho et al., 2011) and Brazil (Arriel et al., 2014) . It has been recorded on Eucalyptus dunnii, E. grandis, E. saligna, and E. urophylla 9 E. grandis and E. urophylla 9 E. maidenii hybrids. Control measures for this disease, once the plant is infected, have proved ineffective, which can cause significant losses in productivity and serious risks for pathogen dissemination. With the expansion of eucalypt plantations, trade in rooted cuttings has been implemented between different production areas, posing additional threats for disease expansion via spread of symptomless planting material.
Disease spread among different production areas can be inferred from studies on the genetic composition of pathogen populations. However, little is known about the genetic diversity and population structure of E. psidii (Teixeira et al., 2009) . The genetic diversity of bacterial populations can be assessed using several DNA-based techniques (Louws et al., 1999) . Among them, repetitive element sequence (rep)-based PCR, based on repetitive extragenic palindromic sequences (REP-PCR), enterobacterial repetitive intergenic consensus sequences (ERIC-PCR) and BOX elements (BOX-PCR) use primers to amplify conserved repetitive DNA sequences present in Gram-negative bacteria. In addition to unveiling interspecific diversity, these repetitive elements are useful for elucidating relationships within bacterial species because their fingerprints are conserved at the pathovar and strain intraspecific levels (Katawczik et al., 2016; Zulperi et al., 2016) .
Knowledge of the variability in pathogen aggressiveness is important for disease epidemiology and management because it provides information on the evolutionary potential of the pathogen and the risk of plant resistance breakdown (Cabrefiga & Montesinos, 2005) . Pathogenicity involves aggressiveness and virulence (Bos & Parlevliet, 1995) . Aggressiveness refers to the intensity of disease symptoms caused by a pathogen (Andrivon, 1993; Bos & Parlevliet, 1995) , whereas virulence is the ability of a pathogen to cause disease due to the expression of virulence factors during the host-pathogen interaction. Thus, a pathogen can be said to be virulent or nonvirulent (avirulent) (Shaner et al., 1992) . It is currently accepted that the outcome of the plant-pathogen interaction is determined by whether or not at least one avirulence protein of the pathogen is recognized by a resistance protein in the host plant (Jones & Dangl, 2006) .
Field observations and results of inoculations under controlled environmental conditions have shown that planting resistant eucalypt clones is one of the best strategies to control diseases . Although it is apparent that some eucalypt clones are more affected than others in the field, sources of Eucalyptus spp. resistance to dieback and wilt caused by E. psidii have not been identified. It is not clear whether difference in disease susceptibility is due to a high level of basal resistance in some clones or to differences in the virulence or aggressiveness of the bacterial population prevalent in specific locations. So far, a gene-for-gene relationship has not been demonstrated for the interaction between Eucalyptus spp. and E. psidii.
Gaining a better understanding of the genetic structure of the bacterial population and its variability in aggressiveness is important to establish appropriate programmes for resistance deployment and for obtaining long-term disease resistance. Thus, the genetic diversity of E. psidii isolates from eucalypts was evaluated in this study using rep-PCR and their aggressiveness compared by inoculating clones of E. urophylla 9 E. grandis and E. urophylla, known to be susceptible under field conditions. A few isolates obtained from guava were included to examine differences between isolates obtained from different host species.
Materials and methods

Plant sampling and bacterial isolation
A search for diseased trees was conducted in eucalypt plantations in the states of Mato Grosso do Sul (MS), Rio Grande do Sul (RS) and São Paulo (SP) (Fig. 1) . Samples of infected tissue were collected in the field, placed inside paper bags and taken to the Laboratory of Forest Pathology/Bioagro of the Universidade Federal de Vic ßosa, Minas Gerais, Brazil, where they were processed. The tissue samples were collected between 2014 and 2016.
For isolation of bacteria, leaf, branch and root samples of plants with dieback symptoms were washed with detergent and tap water, and the excess water was removed by wiping with a paper towel. Small tissue fragments, taken from the edges of the lesions, were disinfected by successive transfer in 50% ethanol for 30 s and 1% NaOCl for 1.5 s, rinsed in sterile distilled water for 2 min and then macerated. The macerate was plated on solid 523 medium (Kado & Heskett, 1970) and the plates incubated at 28°C. After 48 h of incubation, individual colonies were transferred to the same medium to obtain pure cultures. All isolates confirmed as E. psidii were stored in 30% glycerol at À80°C and deposited in the Collection of Plant Pathogenic Bacteria of the Forest Pathology Laboratory/Bioagro of the Universidade Federal de Vic ßosa (CPBFP-UFV). A total of 103 bacterial isolates obtained from infected plant tissue and three isolates from the Collection of the Instituto Biol ogico, Campinas, SP, Brazil (IBSBF) were included in this study (Table S1 ).
Total DNA extraction and species-specific PCR DNA was extracted from bacteria grown in liquid 523 medium at 28°C for 48 h. One millilitre of bacterial culture was centrifuged at 20 790 g for 3 min and the genomic DNA was then extracted and purified from the cells using the Wizard kit (Promega) according to the manufacturer's protocol for Gramnegative bacteria. DNA concentration was quantified using a NanoDrop spectrophotometer (Thermo Scientific), and the final concentration was adjusted to 15 ng lL
À1
. To confirm the identity of isolates as E. psidii, PCR with species-specific primers (Silva et al., 2015) using the conditions reported by Arriel et al. (2014) was performed and the 16S rDNA region was sequenced (Weisburg et al., 1991) . The reaction products were sequenced in a DNA analyser (Applied Biosystems 3500/3500XL) and the sequences compared using BLAST (Altschul et al., 1990) to other known sequences deposited in GenBank. The DNA sequences were then analysed and edited using SEQUENCE SCANNER v. 2 software and aligned in MEGA v. 7.0.
rep-PCR
The rep-PCR was conducted using the primers REP1R-I (5 0 -IIIICGICGICATCIGGC-3 0 ) and REP2-I (5 0 -ICGITTATCIGGCC TAC-3 0 ) for REP-PCR, ERIC1R (5 0 -ATGTAAGCTCCTGGG GATTCA-3 0 ) and ERIC2 (5 0 -AAGTAAGTGACTGGGGTG AGCG-3 0 ) for ERIC-PCR, and BOXA1R (5 0 -CTACGG CAAGGCGACGCTGAC-3 0 ) for BOX-PCR (Louws et al., 1994) . The ERIC and BOX primers were synthesized by Integrated DNA Technologies (IDT) and the REP primers were synthesized by Sigma-Aldrich. All rep-PCR amplifications were performed in a mix containing final concentrations of 0.5 U lL À1 GoTaq DNA polymerase (Promega), 0.75 mM MgCl 2 , 1 mM each dNTP, 1 mM each primer and 2.6 ng DNA. The REP-PCR was performed in a 15 lL reaction mix with cycling conditions as follows: initial denaturation at 95°C for 7 min; 30 cycles of 94°C for 1 min, 44°C for 8 min, 65°C for 8 min; and final extension at 65°C for 8 min (Louws et al., 1994) . The ERIC-PCR was performed in a 15 lL reaction mix using an initial denaturation at 95°C for 7 min; 35 cycles of 94°C for 1 min, 52°C for 1 min, 65°C for 8 min; and final extension at 65°C for 8 min (Louws et al., 1994) .
The BOX-PCR was performed as for the ERIC-PCR, except that 20 lL of reaction mix were used (Louws et al., 1994) . The reactions were performed on a Veriti 96-well thermal cycler (Life Technologies). Amplification bands were separated by electrophoresis on a 1.5% agarose gel, visualized by staining with ethidium bromide, and the gels photographed with an L.PIX camera (Loccus Biotechnology). The sizes of the amplified fragments were estimated by comparison with the molecular weight marker 1-kb Plus DNA ladder (Invitrogen).
The ERIC-, REP-and BOX-PCR fingerprints obtained from the digital images were used to estimate the genetic similarity among isolates. Presence and absence of bands were scored in a binary model and first analysed for each repetitive sequence (BOX, ERIC, REP) separately, and then for all sequences combined (BOX+ERIC+REP), with the PAST v. 3.06 program (Hammer et al., 2001 ) using Jaccard's similarity coefficient and the unweighted pair group method with arithmetic averages (UPGMA) for clustering.
Genetic diversity
The number of genotypes for each population was calculated using MOBYLE SNAP WORKBENCH (Monacell & Carbone, 2014) and the genotype network was constructed using EDENETWORK (Kivel€ a et al., 2015) . Gene diversity and analysis of molecular variance (AMOVA) were conducted using the package POPPR for R (Kamvar et al., 2014) . Depending on the frequency of genotypes in each population, the diversity by Hill numbers was estimated or the effective numbers of genotypes was calculated. Hill's numbers 0, 1 and 2 correspond to estimates of the genotype richness, Shannon's index and Simpson's index, respectively (Jost, 2007; Chao et al., 2014) . Integrated curves that allow rarefaction and extrapolation were used to compare these numbers from samples of different sizes using the nonasymptotic approach (Chao & Jost, 2012) . For each curve, the 95% confidence interval (95% CI) was generated and plotted. Diversity in different populations was compared based on the overlapping of the 95% CIs (Chao & Jost, 2012) . The diversity analyses were conducted using the package INEXT for R (Hsieh et al., 2016) . Genotype accumulation curves were created for each population using 1000 bootstrap replicates with the package POPPR for R.
Aggressiveness
Fourteen representative isolates were selected to investigate possible differences in aggressiveness. The selection of the isolates was based on geographic origin and on clusters from the rep-PCR analysis. The isolates were inoculated on 30-day-old rooted cuttings of two clones: CLR375 (E. urophylla 9 E. grandis) and CLR440 (E. urophylla) grown in 2 L plastic bags, filled with Carolina soil substrate (70% sphagnum peat, 20% carbonized rice husks, 10% perlite), amended with single superphosphate (6 kg m These two clones are known to be susceptible to E. psidii under field conditions. For inoculation, bacterial mass taken from a 24 h solid culture was impregnated on the tip of sterile toothpicks and deposited in the first three axillary buds from the plant apex, previously wounded with a sterile hypodermic needle (Ferraz et al., 2016) . Wounded plants treated with autoclaved distilled water served as controls. Inoculated and control plants were maintained in a growth chamber (12 h photoperiod; 165 lmol s À1 m À2 light intensity). Five plants of each clone were inoculated with each isolate and arranged in a completely randomized design. Each experimental unit consisted of a single plant.
Disease symptoms were evaluated at every 7 days for up to 35 days using a rating scale (Ferraz et al., 2016) . The experiment was performed twice, between October and November of 2017 (maximum and minimum temperatures of 37 AE 3°C and 16 AE 3°C, respectively; 78.2% RH) and between December 2017 and January 2018 (maximum and minimum temperatures of 39.1 AE 3°C and 15.8 AE 3°C, respectively; 79% RH), at Clonar Resistência a Doenc ßas Florestais, Cajuri, Minas Gerais, Brazil. Disease severity data were used to calculate the area under the disease progress curve (AUDPC).
Because similar results were obtained in both experiments, statistical analysis on disease severity and AUDPC was conducted on the combined data. Significance of differences among isolates and between clones were determined by Kruskal-Wallis and Wilcoxon tests, respectively. Isolate 9 clone interaction was determined with the Wilcoxon test and ANOVA on square-root transformed values. All statistical tests were performed using the package AGRICOLAE for R (de Mendiburu, 2017) . In order to assign isolates into different aggressiveness categories, the following criteria were used: (i) if the AUDPC was >100 and there was no significant difference with the maximum observed value, the isolate was classified as highly aggressive; (ii) if the AUDPC was <30 and there was no significant difference with the lowest value, the isolate was classified as weakly aggressive; (iii) all other isolates were classified as aggressive, except for an isolate (LPF681) that did not cause disease on the eucalypt clone, which was classified as nonvirulent.
Results
Genetic diversity
Among 350 field samples collected from infected plant tissues, 103 bacterial isolates were obtained (101 from eucalypts and two from guava plants; Table S1 ). Partial 16S rDNA sequences of approximately 1500 bp were obtained for all isolates. BLAST searches at NCBI showed that the 16S rDNA sequence of all isolates exhibited >98% identity with that of E. psidii. Furthermore, using species-specific primers, a 355 bp fragment was amplified from each isolate confirming that they belong to E. psidii.
Amplification with ERIC-PCR primers produced 14 distinct bands, varying from 300 to 1000 bp (Table S2 ; Fig. S1 ), nine of which were polymorphic. ERIC profiles separated the isolates into five different groups, the largest of which (group 1) showed 100% similarity among most (92) isolates, except for LPF621 and LPF636 that shared 75% similarity with the others. The majority of isolates in this group were collected from eucalypts, but two isolates from guava (LPF681 and LPF682) collected in São Paulo (SP) were also included. Group 2 comprises the three guava isolates obtained from the IBSBF, including the type strain, collected in SP, as well as two eucalypt isolates from Mato Grosso do Sul (MS), which share 80% similarity. Group 3 contains two isolates (LPF632 and LPF635) from eucalypts collected in MS. Group 4 includes two isolates (LPF630 and LPF633) from eucalypt collected in MS, which share 75% similarity. The eucalypt isolate LPF670 (group 5) was divergent from those of groups 1 and 2 and did not cluster with any other isolate (Fig. S2) .
The banding pattern generated by REP-PCR was composed of 17 distinct bands, varying from 250 to 5000 bp (Table S2 ; Fig. S3 ), nine of which were polymorphic. Four different groups were formed in the dendrogram, with the largest group (group 1) containing most eucalypt isolates (98) from MS, SP and Rio Grande do Sul (RS) and three isolates from guava obtained in SP (IBSBF435, IBSBF454 and IBSBF493). Isolates allocated in this group share 100% similarity. Group 2, sharing 70% similarity, contains four eucalypt isolates (LPF553, LPF554, LPF615 and LPF651) from RS. Group 3, sharing 82% similarity, includes one eucalypt isolate from MS (LPF609) and two guava isolates from SP (LPF681 and LPF682). Eucalypt isolate LPF610 from MS was highly divergent from all others and formed group 4 (Fig. S4) .
The BOX-PCR primer amplified 15 distinct bands whose sizes varied from 400 to 3000 bp (Table S2 ; Fig. S5 ), 10 of which were polymorphic. The great majority of eucalypt isolates (100) clustered in the same group (group 1), with isolates sharing 100% similarity. Group 2 is composed of four isolates that share at least 87% similarity: one eucalypt isolate from MS (LPF556) and three guava isolates from SP (IBSBF435, IBSBF454 and IBSBF493). Eucalypt isolates LPF554 and LPF609 from MS were divergent from all others and formed groups 3 and 4, respectively (Fig. S6) .
The dendrogram obtained after combining the three markers together (BOX+ERIC+REP) indicated the existence of seven groups, with no correlation with their geographic origin. The largest group 1, with 92-100% similarity, is formed by the majority of the eucalypt isolates. The three IBSBF guava isolates clustered in the second largest group 2, along with eucalypt isolate LPF556 from MS, sharing at least 90% similarity. Group 3, with at least 92% similarity, contains two guava isolates (LPF681, LPF682) and one eucalypt isolate (LPF609). Group 4 contains two isolates from RS (LPF615 and LPF651) and one from MS (LPF553) obtained from eucalypt, and group 5 is composed of two eucalypt isolates (LPF630 and LPF633) from MS. Eucalypt isolates LPF554 and LPF610 from MS were highly divergent and formed groups 6 and 7, respectively (Fig. 2) .
Sixteen genotypes were observed in the E. psidii populations from eucalypt and guava sampled in RS, MS and SP. These genotypes did not differ according to the geographic origin ( Fig. 3; Table S3 ). Interestingly, the guava Plant Pathology (2019) 68, 31-41 isolates were separated into three distinct genotypes (Table S3) . When the eucalypt populations are compared separately, a total of 13 different genotypes were observed, with 12 genotypes recovered from MS, four from RS, and one from SP ( Fig. 3; Table S4 ).
When the genetic diversity was assessed using Hill numbers, MS presented the greatest estimated richness, 60.43 (95% CI = 19.67-317.85), compared to the states of RS (5.96; 95% CI = 4.18-25.78), and SP (1.00; 95% CI = 1.00-1.01; Table 1 ). According to the Shannon's index by Hill numbers (1), isolates from MS (9.11; 95% CI = 4.71-17.18) were more diverse than those from RS (1.45; 95% CI = 1.39-1.87) and SP (1.00; 95% CI = 1.00-1.00). According to the Simpson's index (2), no significant difference in effective number of genotypes based on Hill numbers was observed between MS (2.59), RS (1.15) and SP (1.00). Therefore, genetic diversity was not significantly different between RS, MS and SP (Table 1 ; Fig. S7 ). ANOVA did not show significant differences among the populations (data not shown). The genotype accumulation curves indicated that 100% of the genotypes were detected by 22 markers (Fig. 4) .
Aggressiveness
Differences in aggressiveness were observed among 14 E. psidii isolates selected from the large collection recovered from eucalypts and guava plants (Fig. 5) . The inoculated plants showed typical wilt and dieback symptoms that resembled those observed under conditions of natural infection.
According to the disease severity based on a rating scale, the isolates belonging to the group 1 (92-100% similarity) of the combined rep-PCR were more aggressive when inoculated on the hybrid E. urophylla 9 E. grandis clone than on the E. urophylla clone. The most genetically divergent isolate (LPF610) was aggressive on both clones (Fig. 5) . The aggressiveness of some isolates varied according to the eucalypt clone; for example, LPF534, LPF615, LPF624, LPF633, LPF640, LPF680, LPF681 and LPF683 were significantly more aggressive on E. urophylla than on E. urophylla 9 E. grandis, demonstrating an isolate 9 clone interaction (Fig. 5) . This isolate 9 clone interaction was confirmed when ANOVA was separately applied on each of the two independent experiments (Table S5 ). The E. urophylla 9 E. grandis clone displayed high mean disease severity values for most isolates (scale rated not significantly different from 4), and therefore it was considered susceptible to most isolates, except for LPF681, which was the least aggressive isolate on both clones. The E. urophylla clone also exhibited high mean disease severity values for several isolates, but exhibited moderate-to-high levels of resistance to half of the isolates, which did not cause symptoms rated above 2 (LPF534, LPF615, LPF640, LPF680 and LPF681; Fig. 5) .
Analysis of the AUDPC with the Kruskal-Wallis test revealed that isolates IBSBF435 (guava) and LPF615 (eucalypt from RS) were significantly more aggressive on the E. urophylla 9 E. grandis clone than most of the other isolates, achieving AUDPC values above 100, and were classified as highly aggressive. On the other hand, LPF681 (guava) was the least aggressive on the same clone with an AUDPC of 18.3 (Table 2 ) and was classified as weakly aggressive. In the E. urophylla clone, five isolates were highly aggressive (IBSBF435, LPF556, LPF610, LPF553 and LPF609) whereas two were weakly aggressive (LPF680 and LPF640). The LPF681 isolate did not cause disease on the E. urophylla clone in either experiment, and therefore was considered nonvirulent (Table 2 ). Both the nonparametric Wilcoxon test and ANOVA on square-root transformed data indicated an isolate 9 clone interaction. These tests revealed that the AUDPC and disease severity caused by isolates LPF534, LPF615, LPF624, LPF633, LPF640, LPF680, LPF681 and LPF683 were significantly different between the two clones (Table 2; Fig. 5 ).
Discussion
In this study, the combination of ERIC-, REP-and BOX-PCR molecular markers showed that the E. psidii Arriel et al. (2014) demonstrated that the eucalypt isolate LPF534 and the guava isolate IBSBF435 were pathogenic to both host plants.
The population of E. psidii from MS presented a greater genotypic richness compared to those from RS and SP. These results indicate that there is the highest number of genotypes in MS and that they are distributed more evenly within the population. The greater variability observed in the MS population may be explained by a wider sampling (distance between regions >200 km) because the number of genotypes (genotypic richness) of a population may vary with the size of the sample (Chao et al., 2014) . Although sampling has an important effect on genotypic diversity, it is worth mentioning that MS has played an outstanding role in the expansion of eucalypt plantations in Brazil. Over the last 5 years, the area planted with eucalypts has grown 2.4% and MS has led this expansion, with an increase of 400 000 hectares and an average growth of 13% per year (IBA, 2017) . In order to reach such an expansion rate, it was necessary to implement new nurseries using rooted cuttings imported from different states of the country, which could have favoured the spread of the pathogen and the introduction of some genotypes to MS, resulting in a greater genotypic richness. The presence in MS of genotypes also found in SP and RS (1, 4 and 12) probably reflects such a trade in planting material. The results suggest that genotype 1 is the most widespread in the geographic area investigated in this study. Although MS has greater richness and evenness, based on genetic diversity by Hill numbers (Shannon's and Simpson's index), the pathogen populations displayed relatively low genetic diversity, most probably because E. psidii recently adapted to Eucalyptus. Similar results using rep-PCR were reported by McManus & Jones (1995) who found genetic homogeneity in the Erwinia amylovora population collected from apple and pear trees and different geographic regions. According to Teixeira et al. (2009) , the genetic homogeneity of E. psidii from guava suggests a low frequency of recombination in the pathogen population. However, the differences in clustering of some isolates when comparing the three rep-PCR markers (ERIC, REP and BOX) used in this study suggest that some level of recombination may have occurred. The lack of correlation of rep-PCR clustering with aggressiveness indicates that genome rearrangements associated with host specificity were not detected by these molecular markers. Alternatively, the high genetic homogeneity of the E. psidii populations may also suggest a recent adaptation of a local population originally associated with an indigenous Psidium species, such as Psidium cattleianum (known as arac ßa da praia) to common guava (P. guajava), which is native to tropical America.
Differences in aggressiveness were observed among E. psidii isolates, even though most of them were originally obtained from Eucalyptus spp. plants. Notably, isolate LPF681 obtained from guava was weakly virulent on the E. urophylla 9 E. grandis clone and nonvirulent on the E. urophylla clone, exhibiting the least aggressiveness of all isolates tested. Variation in aggressiveness among isolates has already been reported for other bacterial phytopathogens. For instance, Maciel et al. (2018) found variation in aggressiveness among Pseudomonas syringae pv. garcae isolates obtained from Coffea arabica. All isolates included in their study were pathogenic to coffee seedlings but were divided into three different aggressiveness classes: highly, moderate and weakly aggressive. Rodrigues et al. (2017) not only observed differences in aggressiveness among P. syringae pv. garcae isolates, but also differences in the expression of aggressiveness according to the temperature. Some P. syringae pv. garcae isolates were more aggressive in mild weather conditions, while others were more aggressive at higher temperatures. The inoculation experiments in the current study were conducted under controlled conditions, ruling out a possible influence of the temperature on the results.
Despite the E. psidii populations studied displaying a relatively low genetic diversity, differences in aggressiveness were observed among isolates. These results emphasize the importance of understanding the phenotypic aspects of the interaction between phythopathogens and their hosts. Differences in aggressiveness among E. psidii isolates in a given population may challenge the establishment of effective methods for disease management. For example, considering the isolates in the current study, it would not be advisable to screen plant genotypes for resistance by inoculation with isolate LPF633 because it is moderately aggressive on the E. urophylla clone but is highly aggressive on the hybrid clone. Conversely, the guava isolate LPF681 caused disease symptoms on the hybrid clone, but not on the E. urophylla clone. Using inappropriate E. psidii isolates in germplasm screening could lead to the selection of plant genotypes whose resistance may not be effective under field conditions.
The results of this study suggest that, despite the relatively recent report of diseases caused by E. psidii in eucalypts and guava, some co-evolution between the pathogen and its hosts may have occurred, which is revealed by the differential interaction (either aggressiveness or virulence) of isolates with eucalypt clones. Such a differential interaction suggests that the pathogen population may have undergone alterations in its virulence factor repertoire in order to overcome some levels of the plant immune system. Comparative genomic studies will help confirm or rule out this hypothesis. The lack of virulence of LPF681 on the E. urophylla clone suggests that such an isolate either lacks effectors able to suppress the defence response of that particular host genotype or possesses a least one effector that is recognized by the plant surveillance system eliciting effector-triggered immunity (ETI) (Jones & Dangl, 2006) . More detailed molecular studies are required to elucidate whether ETI is acting in the interaction of the E. psidii LPF681 isolate and Eucalyptus.
Overall, the current study demonstrated that the populations of E. psidii in Brazil display a relatively low genetic variability, which leads to the hypothesis that the spread of the pathogen in the country probably occurred through symptomless rooted cuttings. The observed isolate 9 eucalypt clone interaction demonstrates the importance of gaining knowledge on the variation in aggressiveness among isolates of the E. psidii populations in order to select the most aggressive isolate with the broadest virulence for inoculation on plant genotypes Plant Pathology (2019) 68, 31-41 with different genetic backgrounds in order to screen for effective plant resistance. The results represent a foundation for establishing approaches to improve current control strategies for dieback and wilt of Eucalyptus caused by E. psidii.
Supporting Information
Additional Supporting Information may be found in the online version of this article at the publisher's web-site. Figure S1 . ERIC-PCR profiles of Erwinia psidii isolates from Brazil. C+, positive control (DNA from type strain LPF534); CÀ, negative control (water); M, molecular weight marker 1-kb Plus DNA ladder (Invitrogen). was constructed using the Jaccard similarity coefficient and the UPGMA clustering method. Asterisks indicate isolates obtained from P. guajava. Groups are numbered according to their sizes (from largest to smallest). Figure S3 . REP-PCR profiles of Erwinia psidii isolates from Brazil. C+, positive control (DNA from type strains LPF534); CÀ, negative control (water); M, molecular weight marker 1-kb Plus DNA ladder (Invitrogen). Figure S4 . REP-PCR dendrogram of Erwinia psidii isolates obtained from Eucalyptus spp. and Psidium guajava. The differences between band profiles are indicated by percentage of similarity. The dendrogram was constructed using the Jaccard similarity coefficient and the UPGMA clustering method. Asterisks indicate isolates obtained from P. guajava. Groups are numbered according to their sizes (from largest to smallest). Figure S5 . BOX-PCR profiles of Erwinia psidii isolates from Brazil. C+, positive control (DNA from type strains LPF534); CÀ, negative control (water); M, molecular weight marker 1-kb Plus DNA ladder (Invitrogen). Figure S6 . BOX-PCR dendrogram of Erwinia psidii isolates obtained from Eucalyptus spp. and Psidium guajava. The differences between band profiles are indicated by percentage of similarity. The dendrogram was constructed using the Jaccard similarity coefficient and the UPGMA clustering method. Asterisks indicate isolates obtained from P. guajava. Groups are numbered according to their sizes (from largest to smallest). (0), (1) and (2) estimated for the Erwinia psidii populations from Brazil. Dashed areas represent 95% confidence intervals for populations from Mato Grosso do Sul (MS), Rio Grande do Sul (RS) and São Paulo (SP). The 0, 1 and 2 numbers correspond to genotype richness, Shannon's index and Simpson's index, respectively. Solid lines correspond to rarefaction (interpolation) and dashed lines to extrapolation curves to the base sample size of 57 individuals. The 95% confidence intervals were obtained by 200 bootstrap replicates. Table S1 . Bacterial isolates used in this study. Table S5 . Results of ANOVA for the area under the disease progress curve (AUDPC) obtained by inoculation of Erwinia psidii isolates on clones of Eucalyptus urophylla 9 E. grandis and E. urophylla.
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